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Structural dynamic identification: EMA VS OMA

A ExperimentaModal Analysis EMA): Forcedvibration (Input/output)

A OperationaModal Analysis@MA): Ambientnoisevibration (Onlyoutput)

OMA the leading way for«‘
Monitoring

* Quick and cheap testing procedures

X

Dynamic characterization under operating conditio,”



Advantages

Control of force level Quick and cheap testing procedures

Identification ofnonlinear structural behavior Dynamiccharacterization under operating conditions

Disadvantages

Temporary interruption of structure functionality System linearitassumption

Expensive setip Superposition of excitation sources
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Brincker, R.; Andersen, P. An overview of operational modal analysis: Major development and issues In Proceedings of the 1st International Operational Modal Analysis
Conference,Copenhagen, Denmark, 26-27 April 2005
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Ivanocicz ®S, Trifunac, M. D., Todorovska, M. |.: Ambient Vibration Testsof Structurest A Review, ISET Journal Of Earthquake Technology 37(4), pp. 165197(2000.



Structural dynamic identification: EMA VS OMA

A ExperimentaModal Analysis EMA): Forcedvibration (Input/output)

A OperationaModal Analysis@QMA): Ambientnoisevibration (Onlyoutput)

OMA the leading way for
Monitoring

* Quick and cheap testing procedures

* Dynamic characterization under
operating conditions

Thekey hypothesis of OMA are:
the structure can be considered as excited by a white noise prav@ss
System linearity assumption



OMA BACKGROUND

TIME DOMAIN HYBRID METHODS

FREQUENCY DOMAIN

A Frequency Domain|| A Stochastic Subspacd | A TimeFrequency
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OMA the leading way for Monitoring

Thekey hypothesis of OMA is:
the structure can be considered as excited by a white noise provéss

MEETS

Stochastic Mechanics OPERATIONAL MODAL ANALYSIS (OMA)

* LINK between research and
engineering applications of High Level



MEETS OPERATIONAL MODAL ANALYSIS (OMA)

X3 M
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X(t) 7+ M,
|
x(t) 15 M M - M.ass matrix |
l' | K - Stiffness matrix
/ C- Dissipation matrix
X (t)- Response process (Relative displacen
7 . .
T X (t)- Response process (Relative velocity)
Number of record: 100 )'((r) (t)- Response process (Relative accelerati

Time of recording: 60s . )
Sampling frequency: 1000 Hz V - Forcing locatio vector

So: 9*10° m?s*w(t)- Ground acceleration process (White npi:



MEETS OPERATIONAL MODAL ANALYSIS (OMA)
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Time of recording: 60s
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MEETS OPERATIONAL MODAL ANALYSIS (OMA)

STOCHASTIC MECHANICS
f‘% Power Spectral Density Function PSD

x(1) » Step 1:Acquisition of the output signals

Acquisition 3 1 1 p— =
5O Wmm

orf output s; onals

I

Welch's 4
Method

i m _____ m
f..\ i " ":(Welch's Method)m m m

Density (PSD)

Selif) Sub-signals(s)

Overlap(%) , EzsrEe=s
Windowing S L l.
‘ SESL SN E N ==

PSD estimation

5
P. D. Wekh, The Use of Fast Founer 4
[ransform for the Estimalion of Powey Seq (F)= \?Zl 5
bpaclra, IEEE Trans. Audo
Flactroacoust, 1970 E




TIME DOMAIN

Hilbert TRANSFORM OPERATIONAL MODAL ANALYSIS (OMA)

David Hilbert (1861943)
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Damage Identification SDOF system

Use of Analytical signal

y(t)= x(f) #kt)  Analytical Signal

. Sy 1 ox() |
HT gx(t) gXt) r ﬁ?tdt Hilbert transform
y(t) = x(t) k1) (A(Dexplig(t)]
At) = \/x(t)z + 1) Amplitude
q(t) = arctang% Phase

e, (t) = dqt) Instantaneous Frequency



Use of Hilbert Transform and of Analytical Signal

A HT for detecting
andqguantify system
nonlinearities

A Analytical signal
for the system
characterization

M. Simon,G.R Tomlison,(1984)
Journalof Soundand Vibration,
96.

G.R Tomlinson, I. Ahmed,
(1987 Meccanica22,

M. Feldman, (1997 Journal of
Soundand Vibration,208.

S Braun, M. Feldman, (1997
Mechanical Systemsand Signal
Processingll.




Damage identification SDOF system

() x"() ¢ 7 (1)- () ¢

displacement
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Damage identification SDOF system
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Correlation function



Correlation function

Correlation functions zmatrix

R, (1) Rox ()= EBX (9 X (t +]



AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

HYBRID METHODS

PREVIOUS Proposed Method: MDOF Systems

.. *® modal shapes
-f Zdamping ratios

X(t) frequencie

Acquisition
of output signals

Wel chds
Method

[ PowerSpectral )
Density(PSD) -| Filtering |-| IFET
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AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM
‘ HYBRID METHODS \ EURODYN 2020
X! International Conference on

Fu t u re Devel O p m en ts Structural Dynamics

23-26 November 2020 - Athens, Greece

*® modal shapes

. f .Zdamping ratios

X(t) frequencie
Acquisition

of output signals

-| Filtering |—| IFFT




AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

Current Developments eurosyn2023

EIE fternalinrss Oonferencs on
D205 JULY 2025, DELFT, ML

2 modal shapes
f damping ratios

N frequenej
X(1T
Ach/(s/ on e@

of output signals




AlIM: PROPOSED METHOD

Structural dynamic identification through a

user friendly procedure!

> Analytical signal
Acquisition 4@ )
of output signals




AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM
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Numerical Application: 3DOF System

s 8MX (1) +CX (t) KX (1) MV W (1)
/ a . .
/1 X(0)=0; X(0 B;
X(0) ¢ M, ‘
| | M, =0.6193 k¢ .
[ M,=05974 ke =k, & 66 100N n
x(t) 1 M M, =0.5647 ke
| [2,=0.006; z =0.007; ,z 0.00 7= |1
s © [f,=2.2740Hz; T, =6.2888iz ;f, =9.0638z
Number of record: 100
Time of recording: 60s Signa|

Sampling frequency: 1000 Hz
Responses
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W(t) isa zeromean

Gaussianvhite noiseprocess
of powerspectraldensity
S=9*10° m?/sd




X(7)

Acquisition

of output signals

U

AN INNOVATIVE ONLY

Numerical Application: 3DOF System

FFT and Peaks selectlon
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-OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

Rx-i(fllt k)Xl(fllt k) (O) o fik
RX-l(fnt k) (O) f]_k
Proposed [Discrepanc Discrepanc Discrepanc
Exact meﬁ’ho ; [%';’ Y FDD [%';’ Y ss [%';’ y
— 1.0000 | 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000
- 1.7893 | 1.7931 0.2148 1.7796 0.5414 1.8097 1.1393
- 2.2148 | 2.2209 0.2731 2.1997 0.6846 2.2451 1.3644
' 1o 1.0000 | 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000
' 29 0.3884 | 0.3814 1.7773 0.3880 0.0785 0.4037 3.9463
' 3 -0.8271| -0.8263 0.0893 -0.8270 0.0038 -0.8287 0.2040
' 13 1.0000 | 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000
s 93 -1.3476| -1.3621 1.0705 -1.3734 1.9091 -1.3415 0.4541
' 33 0.6566 | 0.6657 1.3949 0.6740 2.6575 0.6527 0.5938

Ry (2)



AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

PROPOSED METHOD

SECO

Analytical signal

D GOAL | AL 60)

Auto-Correlation functions 'y (1) In
the modal space are monocomponent and then

havea Well-behaved "‘
Hilbert Transform

David Hilbert (1862943)



AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

Analytical signal Hilbert Transform
ZY,-YJ- (f) :[RYJY( % 'H jyjy( ) E(t) :% ﬁfill‘)fd[

g pricipal value

Analytical signal properties
' Zyy (£)= Aj( )engi J(q)
/() =arctarg, ( )R, ( )
A =Ry (1 R, ()7




f, Zi@ Analytical signal

PROPOSED METHOD _
Analytical signal ZYJY ( )= RW( ) H ﬁjv,-v( )
5

) &, (1)= £ e (2 f, 1)

(

R (t)=E e¥"%5&in(2 4,

1

Analytical signal properties Z, (¢)= Aj( )expgi J(67)

A )=arctangFE(ij( JtIR () Aj(z‘)=\/R{ij( Y -Iﬁ(?f( )t
o _ gy
E:ZE 1:j,ist (t) _JZ—IU I
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Analytical signal

Proposed Method i () )

Estimation of Dynamic parameters

R (£)
oreee TN - EX Y

400

350

300 _ q
o fla(t) = %




AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

Numerical Application: 3DOF System 7
=24 Z = s
S S —— Jist -+ .
1& 72p [—i=1—j=2—j=3 : p :
g ]
6 s ’ —
£
2
DAMPED FREQUENCIES
Exact Pl\zlc::t)::jd Discrepancy [%)] FDD Discrepancy [%)] SSI Discrepancy [%)]
2.2740 2.2711 0.1289 2.2579 0.7088 2.2717 0.0100
6.2888 6.2949 0.0959 6.2815 0.1185 6.2950 0.0991
9.0638 9.0582 0.0616 9.0276 0.3996 9.0579 0.0642
DAMPING RATIOS
Exact P;noeﬁizd Discrepancy [%] FDD Discrepancy [%] SSI Discrepancy [%]
0.0060 0.0068 13.7958 0.0072 20.0000 0.0071 18.0504
0.0070 0.0069 1.4961 0.0020 71.1448 0.0074 5.2758

0.0050 0.0058 16.5222 0.0038 24.8019 0.0060 20.6779




Whatdo Imeanwith user FriendIyi!

2 Aspects
Self made Matlab script tavoidBlack Box

RuneBrincker The techniquenvolves severalsteps of «nysterious
UnderstandingStochastic mathematics> verydifficult for people with aclassical
Subspacédentification background irstructuraldynamics

BlockHankela G NAE | YRX®

2 Aspect It may be used by people who have little
to no knowledge of signal processing

FDD Frequency

Domain Welch Method
Decomposition



WhataboutHistoricalBuildings
CASE STUDY: CHIARAMONTE PALACE (Palermo)

Located in the marine area of Palermo. Commissioned
by Giovanni Chiaramonte and completed in 1307. Now
it housesthe Rectorateof the University of Palermo.




CASE STUDY: CHIARAMONTE PALACE (Palermo)

Arab-Norman influences
Three-story masonry building
Squareplan of about 40x40m
Central courtyard (object of this
study) distributed over an area
of about 400m?>.

Height of about 20 m

Double arcade with ogival
archesresting on columns

To Too To o

To I

) ﬂﬂﬂmﬂm




CASE STUDY: CHIARAMONTE PALACE (Palermo)

LABE LABE
CH.1 X1 CH.4 X4
CH.2 X2 CH.5 X5

CH.3 X3 CH.6 X6



CASE STUDY: CHIARAMONTE PALACE (Palermo)

Piezoelectric Acquisitionunit
accelerometers

PCB 393B04 PX1e1082
Total duration:
600 s
Sampling frequency: 100 Hz

Characteristics of the piezoelectricsensors

Producer

Model

Sensitivity

Measuring range
Frequency range
Broadband resolution
Mass

PCB Piezotronics
PCB 393B04
1000 mV/g
+/-5¢g
From 0.06 Hz to 450 Hz
3x10%g rms
500




X(7)
Acquisition
of output signals

. Uy,
Ambient
Vibration T

LABE LABE
CH.1 X1 CH.4 X4
CH.2 X2 CH.5 X5

CH.3 X3 CH.6 X6



X(1)
Acquisition
of output signals

CH.1 X1 CH.4 X4
CH.2 X2 CH.5 X5
CH.3 X8 CH.6 X6

R

Ambient
Vibration 7

FFT and Peaks selection
\—i:l—izz
3.5645 Hz

i=3 —i=4 —i=b —i=6|

I I I T
2.7649 Hz 3.8574 Hz 4.7302 Hz| 5.3223 Hz

X filt
Lk L
DTG AT I il ﬁ l
MMIH(]‘ PMHI .““ | | ‘| I‘I .H“I' ‘ | i ‘ i
il ' Ry (0
(b | | S (filt k) o (filt k
x(mx(mI \) o Ty
R)-(-l(filt k) (O) flk
2 25 3 35 }- 45 5 55 6
PM FDD I
SS PM FDD SSI PM EDD SS|
;M 0.192C 0.0234 z » M| 0.318¢ 0.317¢ 0.303¢ -] 0.1343 0.0911 0.1311
> H I 0.096¢ -0.097¢t = > H | 0.649: 0.648¢ 0.6381 T 0.264¢€ 0.177¢€ 0.190¢
, 01 0.095¢  0.023C - , 0l 0.6824£ 0.685z 0.704Z ., 0 02462z 0.157C 0.265¢
., n1  -0.1457 -0.199C - ., n1  -0.037t -0.029¢ -0.010:< . no 0.338¢ 0.353¢ -0.257¢
., p1 -0.478¢ -0.534¢ - , p 1 -0.095¢ -0.085¢ -0.0621 P 0.636¢ 0.680¢ -0.713¢
., c1 -0.833: -0.8147 z , ¢ 1 -0.0237 -0.025¢ 0.025¢ , C 1 0.575¢ 0.588¢ -0.548C



O T 30 I 2

oo O30T =

PM
0.192C
0.096¢
0.0954
-0.1457
-0.478¢
-0.833¢

PM
0.2471
0.2451

-0.0202
0.178(
0.1317
0.910¢

FFT and Peaks selection e
CH. 2 X2 CH.5 X5
—isl—i=2 =3 —id 15 i CH.3 X3 CH.6 X6
0 T T T T T T T
2.7649 Hz 3.5645 Hz 4.7302 Hz| 5.3223 Hz

3.8574Hz

R

W“!

K Mv\hr “N'

I

| W f‘ | N ot | R)-(-i(filtk))-((filtk) (O) f

X filt
1 o "k
R)-(-l(filt k) (O) flk

0.023¢ - > M

)
RN
©
©
1A M 14
1
O T 30 T

O O30T =2

PM
0.318¢
0.649¢
0.682¢

-0.037¢
-0.095¢
-0.0237

PM
0.4441
0.572¢

-0.5562
0.010¢
0.305¢

-0.2687

FDD
0.3174
0.648¢
0.685¢
-0.029¢
-0.085¢
-0.025¢

FDD
0.401Z
0.575¢
-0.560¢
0.065¢
0.333¢
-0.2801

14

f

SSI
0.303¢
0.6381
0.704%

-0.010¢
-0.0621
0.025¢

SSI
0.399¢
0.618¢

-0.562¢
0.0781
0.356¢

-0.087¢

OO 30T =2

PM
0.134=
0.264¢
0.2462
0.338¢
0.636¢
0.575¢

55

FDD

0.0911
0.177¢
0.157C
0.353¢
0.680¢
0.588¢

SSI
0.1311
0.190¢
0.265¢

-0.257¢
-0.713¢
-0.548(



AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

PROPOSED
ONCE METHOD
q T Rx( )( 0
R, (¢)
0" - Pseudo-inverse af

RY(t)zngsYl(t) Ré\é
Ry () Rl
R (1) R ) Ryl)

Auto-Correlation functions Y (1)

havea well-behaved
Hilbert Transform

Analytical signal



Ji> ?@ coplepr 2y CASE STUDY: CHIARAMONTE PALACE (Palermo)

Ly (1) :[Rw( g H Ejvjv( )
Z,y (£)=A( Jexpgi @)

Ambient
Vibration

PM FDD Ss|
i 27211 27648 - -
£ f—jist (l‘ ) = qj (
fa 35509 35633  3.5563 ' 20
fi  3.8617  3.8567  3.9200 N
fo 47477 47295 i
fi 52037 53218  5.2047 R &
Method Z, zZ, Z, zZ, Z
FDD 0.96% 2.59% 1.91% 1.73% 1.28%
SSI - 2.56% 2.35% 1.26%

ProposedMethod 1.33% 2.40% 2.4%% 1.23% 1.31%




SDI: frequencies and damping ratios PREVIOUS TESTS

T T
I I |
1 2

T T T T
——Ch.1
—Ch.2
—Ch.3
—Ch. 4
fs |
I o|Hz

f3 fa| fs fe

)

% [ IR W\ N N

—

U) n " ”n n n

B (Hz) 2.755 3.564 3.955 4.719 5.257 f 27211 27648 :

O _

L

T (%) 1.329 2.055 2.223 1.813 1.882 7 38617 38567  3.9200
f. 47477 47295 -
fi 52037 53218 5.2047

Method zZ, Z, Z, zZ, Zs

EFDD 0.96% 2.59% 1.91% 1.73% 1.28%

sS - 2.56% 2.35% - 1.26%

Proposed 1.3 2.40% 2.4%% 1.23% 1.31%




REMARKS
A novel user friendly procedure based on applying the Hilbert Transform,to obtain the

analytical signal of the ambient responsein terms of the correlation function has been
proposed Thisapproachopensthe pathwayfor a monitoring systemthat is userfriendly and
can be used by people who havelittle to no knowledgeof signalprocessingand stochasti
analysissuchasthosewho are responsiblefor the maintenanceof aO A (Hist@rigal Buildings

just by lookingat time domainrecords!

Analytical signal

A(7), 6(z) Matlab command

LU,
Ambient
Vibration =~

Future Developments

Not welkspaced frequency systems






X(7)
Acquisition
of output signals

3.5645 Hz

I I T
3.8574 Hz 4.7302 Hz| 5.3223 Hz

3 T
/ ’ 2.7649 Hz

Ly,
Ambient
Vibration T

‘|.““"}7‘L m
T '*f_M";""I' !l" ik ki ‘ ”l“ it R X filt
BFTCTARIT ONTSTI (L T P

|

X ()

-

f
R g (0) £
i 1 o " ik CH.1 X1 CH.4 X4
R (O) f CH.2 X2 CH.5 X5
Xl(f"tk) 1k CH.3 X3 CH.6 X6
1 2 3 4 5
Type Butterworth Butterworth Butterworth Butterworth Butterworth
Order 8 8 8 8 8
Initial frequency of 27616 35611 3.8541 4.7269 5.3189
the passbanfHz]
Final frequency of 27682 35678 3.8608 4.7336 5.3256

the passbhanfHz]
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02205 JULY 2025, DELFT, NL

MODAL SHAPES

O T 30 I 2

O T 30 I 2

PM
0.192(
0.096¢
0.0954
-0.1457
-0.478¢
-0.833¢

PM
1.000c
0.504¢
0.496¢
-0.758¢
-2.492¢
-4.340¢

FDD
0.023¢
-0.097¢
0.023(
-0.199C
-0.534¢
-0.8147

FDD
1.000c
-4.166¢
0.9841
-8.509¢
-22.871¢
-34.8311

O 30 I =2

O 30 I =2

PM
0.318¢
0.649¢
0.682¢
-0.037¢
-0.095¢
-0.0237

PM
1.000c
2.036¢
2.140¢
-0.117¢
-0.300¢
-0.0744

FDD
0.317¢
0.648¢
0.685%

-0.029¢

-0.085¢

-0.025¢

FDD
1.000c
2.043¢
2.158¢

-0.093¢

-0.270¢

-0.081¢

EURODYN 2023

02 - 05 July 2023 | Delft | The Netherlands
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CASE STUDY: CHIARAMONTE PALACE (Palermo)

SSI
0.303¢
0.6381
0.7042
-0.010¢
-0.0621
0.025¢

SSi
1.000c
2.100z
2.317¢
-0.034(
-0.204%
0.083¢

oOoT 30 I =

0OoT 30 I =

PM

0.1342
0.264¢
0.2462
0.338¢
0.636¢
0.575¢

PM

1.000c
1.970¢
1.833¢
2.521¢
4.741C
4.289¢

FDD
0.0911
0.177¢
0.157¢
0.353¢
0.680¢
0.588¢

FDD
1.000C
1.951C
1.722¢
3.883:
7.472¢
6.4642

SSI
0.1311
0.190¢
0.265¢
-0.257¢
-0.713¢
-0.548(

SSI
1.000C
1.4567
2.028¢
-1.9651
-5.4431
-4.1804

0O 30 I =2

O 30 I =

PM
0.2471
0.2451
-0.020z
0.178C
0.1317%
0.910¢

PM

0.989¢
-0.0817
0.718¢
0.531¢
3.675¢

FDD
0.249¢
0.2561
0.036(
0.201C
0.130¢
0.901¢

FDD

1.027(C
0.144¢
0.805¢
0.5232
3.616¢

SSI

oo 30 I =2

oo 30 I =2

PM
0.4441
0.572¢
-0.5562
0.010¢
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Damage identification SDOF system
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Damage Identification SDOF system

Use of Anal*tical signal

y(t) = X(1) 'FIZ 0) Analytical Signal

HTgx(t) HE(t) = /ﬁ&df Hilbert transform

y(t) = X(t) #K1) (FA(Yexplig(t)]

A(t) = \/X(t)z +E’[)2 Amplitude

g(t) = arctangﬂ( ;

Phase

W, (L) = C(t) Instantaneous Frequency



Use of Hilbert Transform and of Analytical Signal

A M. Simon,GR Tomlison, (1984
Journal of Soundand Vibration,

AHT for detecting and | 9.
quantify system non-||A GR Tomlinson,l. Ahmed, (1987
linearities Meccanicazz

A M. Feldman, (1997 Journal of
SoundandVibration,208.

A Analytical signal for the||A s Braun, M. Feldman, (1997

systemharacterization Mechanical Systemsand Signal
Processingll.
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Damage identification SDOF system
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Filtering of the response process PROPOSED METHOD
Acceleration processt Time domain

Acceleration processt Frequency domain

X(©)=0 A n X (W)= 50( Wbl ) m () &S Q(7
K()=7a0) 7o) + W) Asg bR aRl) an ol

j=1

If the frequencies are well -separated, in correspondance of the k-th resonant frequency le ('/'4()0 Z<Q<( M

Thus, by filtering the response processaround the k-th resonant frequency by using band-passfilters with very little

bandwidth
‘X‘i(filt k) (t) o fl ngilt k) (t)‘

1 2 3

Type Butterworth Butterworth Butterworth
Order 8 8 8

Initial frequency

of the passband 2.2333 6.2500 9.0333
[Hz]

Final frequency

of the passband 2.3000 6.3167 9.1000

[Hz]
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Correlations of the filtered signals and modal shapes estimation PROPOSED METHOD

Cross-correlations
R)-(-(filtk)xl(ﬁn k) (l‘) - Eg X(ﬁlt k) ( t) .).<l(ﬁlt k) ( t+ )

R;((fi'tk)xl(ﬁ't k) ([) ° Eg?(dﬁlt X ( t) ~1kﬂ-j<fiIt X ( t+ ) 8 ;fk ~1k]1:\é£fi|ﬁ<) ( )

Auto -correlations

Rxl(filtk) (f) — Eg'xi(ﬁlt k) ( t) sqfilt k)( t + )
Reguo (£)© EE LA™ (5™ (t+) £ 3RA()

Modal shapes estimation @ el 1 .. 1
- é; - .
R fz f £ f

~ o~ ~ e _22 2m
Xi(filt k)Xl(fiIt k) (O) o fik &RQEW k) (O) _ ikflk Ql((filt é\ iik > 0 :éfn Yz ~11(
70 ~2 2 ~ : :
Rxl( fit k) (O) f]_k Rqsfnt k) (O) f( Q‘E\”t k) 1k gf” NAC - r{
e 2 =

(1),
—h
.
oh
2.



AN INNOVATIVE ONLY -OUTPUT METHOD TO IDENTIFY A STRUCTURAL SYSTEM

AStructural dynamic identification through a user friendly

procedure in time domain only!

O
[ ( damping ratios @

,cb frequencies

modal shapes
Properfor HistoricalBuildings

Methodology:

A Ambient vibration tests and Operational Modal Analysis
(OMA)
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FFT and Peaks selection

—i=1—i=2—i=3 —i=4—i=5 —i=6|

2.764‘1-9 Hz I3.5645 Hz

| | ,
.. ;AL W i i

I
3.8574Hz

m. L

T T
4.7302 Hz| 5.3223 Hz

CH.1 X1 CH.4 X4
CH.2 X2 CH.5 X5
CH.3 X3 CH.6 X6

R X filt [

R)-(-i( filt k) g (filt k) (O) fik

1 0)

Proposedviethod
f Dir
27211 v
3.550¢ u
3.8617 v (u)
474771 uv
5.2937 u (V)

ga b~ w NP

Previousxpresults

f

2.75¢
3.564
3.95¢
4.71€
5.257

Dir

2.75€
3.55¢€
3.82¢€

4.62

FEM
Dir

cC < C© <

R--(filt k) (O) flk

X



Numerical Application: 3DOF System

, ”‘ﬁ/ ,

4
2 .
I (b - DAMPING RATIOS
f_jist (f):qi_ Exact Proposed Discrepancy
’ 20 Method [%0]
0.0060 0.0068 13.7958
0.0070 0.0069 1.4961
DAMPED FREQUENCIES 0.0050  0.0058 16.5222
Exact Proposed Discrepancy
Method [%] b
22740 22711 0.1289 Z = 5=
6.2888  6.2949 0.0959 b +4p°f,

9.0638 9.0582 0.0616




LINK between research and engineering
X applications of High Level

OMA <= CROWD SENSING
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= ® Vehicle mass much smaller than structural mass
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